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WARNING - STRONG OXIDANT!
Howard Lyon
Department of Chemistry
University of Northern Iowa
Cedar Falls, Iowa 50613
Introduction
Even the most casual survey of the uses of hydrogen peroxide would
demonstrate that it is considered to be one of the safest oxidizing
reagents available. Hundreds of useful commercial applications employ
dilute H202 - water mixtures for bleaches, bubbling agents, mild
cleansers and other gentle oxidation processes. The use of hydrogen
peroxide in the teaching laboratory is recommended as far safer than
the use of the pennanganates, nitrates, dichromates, chlorates and
perchlorates which might otherwise be employed. The 3% solution is
used to clean open cuts or employed as mouthwash. Analytical laboratories, employing higher concentrations, would be hard pressed to find a
suitable substitute for many difficult oxidation processes.
30% Hydrogen Peroxide

Although dilute solutions of hydrogen peroxide are among the safest
of oxidizing agents, 30% hydrogen peroxide solution, Superoxol, should
be considered hazardous and be handled with caution. At this concentration, it is capable of several actions which will not be seen at lower
concentrations. Among these hazardous actions of any concentrated
solution of hydrogen peroxide (including 30% H202) are the following:
(1) 30% H202 will be self-concentrating if present in an open container (9).
(2) 30% H202 is excessively irritating to skin and especially to eyes
(9, 2).
(3) 30% H202 reacts vigorously with active metals and explosively
with liquid organic substances or finely-divided organic solids (4,
5).

(4) 30% H202 can start fires if allowed to dry down in combustible
fabrics or other materials (9).

Hazardous Oxidations
Hydrogen peroxide acts as an oxidizing agent in the presence of
reducing agents and as a reducing agent in the presence of strong
oxidizing agents. Therefore, it is self-oxidizing and reducing, releasing
heat as the spontaneous decomposition occurs. It is also selfconcentrating, since in an open container the water evaporates faster
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than the hydrogen peroxide can decompose. Thus, hydrogen peroxide
solution spilled on cloth can become sufficiently concentrated to become
a fire hazard (5, 9).
Explosion limits for H202 vapor and for water - H202 mixtures are
known. Limits for safe handling of concentrated peroxide solutions and
pure H202 can be established as long as the only components are H202 or
H202 and H20. Three different types of explosive situations have been
described for hydrogen peroxide. Hydrogen peroxide vapor, either
pure or diluted with various gases, has been ignited. Aqueous solutions
of hydrogen peroxide and water have been caused to detonate. For
these two situations, the igniting agent was a hot wire, a hot tube,
visible light or ultraviolet light, or one of various types of ionizing
radiation. The energy released was about 25 kilocalories per mole of
H202. Explosions have also been produced both accidentally and deliberately in which the hydrogen peroxide served as the oxidizing agent
and some oxidizable organic material served as the fuel. The energy for
these reactions is, of course, much greater - from seven to seventy
times more than is experienced from the spontaneous decomposition of
hydrogen peroxide alone, depending on the nature of the organic fuel.
The work of Medard and of Satterfield (4, 6, 7, 8) and his associates
showed that the behavior of catalyzed systems is much less predictable
than that of pure H202 or of non-catalyzed H20 - H202 mixtures.
Satterfield's group found that 150°C was required to explode H202
vapor at or above the minimum concentration of 26 moles percent, as
long as no catalyst was present. The same system would explode at
room temperature when catalyzed. Medard (4) demonstrated that detonation of H202 - H20 mixtures would not occur unless 94% H202 was
present in the solution as long as there was no catalyst present. When
catalyzed, much lower concentrations could be exploded. That the
nature of the decomposition can differ according to the agent which
initiates the action can also be seen. Volman (11) could show that the
decomposition of H202 vapor initiated by light of wave length 253. 7 nm
was essentially independent of the pressure of the peroxide and of the
intensity of the absorbed light. But Dainton could relate photolysis at
366 nm to the square root of the light intensity. Lefort (3) describes a
mechanism whereby gaseous hydrogen, rather than gaseous oxygen, is
formed when the photolysis is induced by X-ray. Many fascinating
studies appear describing ionic, thermal, and radiation-induced mechanisms for the breakdown process.
Of more practical interest than spontaneous auto-oxidation - reduction reactions are those in which hydrogen peroxide serves as the
oxidizer to consume an organic fuel. For example, if nonane, a component of kerosene, is the fuel, some 2,141 kilocalories can be calculated to
be the free energy released by the combustion of 128 grams of the fuel,
when hydrogen peroxide is the oxidizing agent.
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Biological Hazards
The irritating properties of concentrated solutions of hydrogen
peroxide are well known. Sax points out that irritation can vary from
mild to severe depending upon the concentration of H2O2. He notes that
the eyes are particularly sensitive to irritation by this material. The
Handbook of Poisoning (2) indicates that concentrated solutions (20 to
30%) of hydrogen peroxide are strong irritants to the skin or mucous
membranes. Sax (9) points out that 35% can easily blister the skin and
also is capable of near maximum skin penetration.
It can be stated that living tissues are capable of utilizing H2O2 as a
source of energy in certain rare metabolic situations. But the biologist is
immediately alerted to the toxic nature of this same substance when he
notes the ubiquitous distribution of the enzyme catalase, with its ability
to decompose 44,000 molecules of H2O2 per second, per molecule of
catalase, in animal tissues, particularly in liver, kidney and erythrocytes(12). Plants have peroxidases, also for the metabolism of hydrogen
peroxide. More information is needed to describe mechanisms of action,
but there is no doubt that high concentrations of hydrogen peroxide are
. dangerous to living tissue.
The physical properties of hydrogen peroxide need to be considered in
order to design procedures for the safe handling of the more concentrated solutions. The Merck Index (5) lists the following characteristics
of pure H2O2: "Density at 0°C: 1.463. Melting point: -43°C. Boiling
point: 152°C. Miscible with water; soluble in ether; insoluble in petroleum ether. Decomposed by many organic solvents. " "Density of 30%
H2O2: 1.11."

Precautions
The Merck Index (5) also has this advice pertaining to the use of 30%
H2O2: "Caution! Strong Oxidant. A void contact with skin and eyes.
Wear rubber gloves and goggles. A void contact with combustible materials. Drying of concentrated product on clothing or other combustible
materials may cause fire . In case of contact, immediately flush with
plenty of water for at least 15 minutes; for eyes, get medical attention.
A void contamination from any source, including metals, dust, etc. Such
contamination may cause rapid decomposition, generation of large
quantities of oxygen gas and high pressures." Also, ... "store in original closed container. Be sure that the container vent is working satisfactorily. Do not add any other product to container. When empty, rinse
thoroughly with clean water." Sax has some very useful suggestions as
to how to minimize hazards associated with the use of hydrogen
peroxide. Among his points are the following:
(1) In solutions which are already fairly concentrated, the H2O2
concentration will increase;
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(2) The self-decomposition is not only spontaneous for H202 but is
also exothermic, therefore the temperature will increase.
(3) Peroxide solutions should never be tightly sealed because the gas
production will build pressures to dangerous levels.

Conclusion
The practical implications for safe use of this valuable reagent seem to
reduce to the following suggestions:
(1) Wear goggles and rubber gloves.
(2) Buy small containers of hydrogen peroxide, in the smallest total
quantities which your use will permit.
(3) Store hydrogen peroxide away from easily-oxidizable materials.
expecially organic reagents.
(4) Store in the refrigerator.
(5) Store in the original, vented-cap container.
(6) Keep container closed as much as possible to avoid evaporation
of the water and consequent concentrating of the peroxide.
(7) Use in diluted form only, if the procedure will permit.
(8) Keep organic materials away, especially organic liquids or
finely-divided solids.
(9) A void contamination of any sort.
(10) If spillage does occur, wash the peroxide down the sink with
plenty of water, and wash thoroughly in water any combustible
materials which may have come in contact with the peroxide.
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***

Energy Kits
Under a new policy announced by the Charles Edison Fund, the
famous Edison Teaching Kits (used effectively in more than 13,000
classrooms) are again available to teachers and school librarians.
The new policy limits kits to one per teacher or librarian, each request
to be accompanied by 50 cents to cover postage and handling. Mail
requests to Charles Edison Fund, 101 South Harrison St., East Orange,
New Jersey 07018.
The kit is ideal for grades five through junior high. The seven howto-booklets currently in the kit are Energy Conservation You Can Do
from Edison; Alternative Energy Sources E xperiments You Can Do;
Environmental Experiments from Edison; Nuclear E xperiments You
Can Do; Electrical E xperiments You Can Do From the Diary of
Michael Faraday; Edison Inventions and R elated Projects; and
Selected Experiments and Projects from Edison.
Simple directions, inexpensive and easily obtainable material spark
pupil participation. Kits are available only to schools within the United
States.
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